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1: Introduction
In comparison to the large amount of research that has been conducted examining the price dynamics of housing markets, the econometric analysis of supply is relatively sparse. Yet the role of supply in the behaviour of house prices is an immensely important issue and one that has taken on a heightened role given the nature of the last housing cycle observed in a number of markets 1 . Whilst financing issues obviously has grabbed the majority of attention, especially the subprime crisis in the United States, the role of supply also played a key role in the dynamics of housing markets. As Glaeser et al. (2008) recently illustrated, the relative elasticity present in housing markets is importance in the context of speculative behaviour. If markets are characterised by inelastic supply then the impact of increased demand will be concentrated in price behaviour. Therefore, where supply is highly inelastic, or indeed fixed in the short-term, rational bubbles can be observed. This is not however the case when supply displays greater elasticity. In this case the enhanced elasticity may dampen the rationale for bubbles due to the greater availability of new construction (Ball et al., 2010) .
However, greater elasticity can have a number of other implications for housing markets and price dynamics. Firstly, it may lead to more irrational and exogenous behaviour in price dynamics; a situation where prices are driven more by expectations concerning future changes in values. It has long been a feature of the housing economics literature that participants in the housing market may display extrapolative or adaptive expectations that rely extensively on recent price history (Poterba, 1991) . In addition, it can also be argued that myopic expectations also play a role where participants may fail to anticipate or account for potential reversals in price trends (Malpezzi & Wachter, 2005) . Given this reliance on past history, the role played by adaptive expectations can be linked to myopic behaviour (Case & Shiller, 1988) . The second implication of increased elasticity, as noted by Glaeser et al. (2008) , is that the ability of developers to respond more rapidly to increased demand can lead to a shortening of a housing boom. Indeed, Glaeser et al. (2008) show that whilst the average life of boom conditions was in excess of four years in inelastic markets, this shortened to 1.7 years in more elastic ones 2 . Papers such as Goodman & Thibodeau (2008) and Ellis (2011) note that the recent US cycle has highlighted that some of those markets experiencing the most extreme price movements were those that also witnessed elastic supply responses. This finding leads to a final implication that increased elasticity can increase the risk of subsequent over-supply.
This issue is concerned with two elements; firstly, the inherent nature of increased elasticity and secondly, a reduction in the time-span of cyclical behaviour in a market.
This paper examines the dynamics of housing supply in the context of the Irish market. The
Irish market provides an ideal situation in which to consider the interaction of supply with housing price behaviour. The market has witnessed extreme movement over the past 15 years, as represented in Figure increased by 455% and 323% respectively on a national basis, while the corresponding figures for Dublin were 553% and 425%. Whilst not directly considered in this paper, one consequence arising from this strong house price appreciation was with respect to affordability, where there were parallels with the situation that came into being in the UK . As has been common in other markets, rather different conditions have been prevalent over the late part of the last decade with substantial price falls in both new and second hand house prices across the country. However, not only did the Irish market witness substantial movements in price, but in addition, housing construction also displayed extreme cyclical behaviour. Housing completions rose from an average of 28,422 in the nineties to a peak of 89,000 in 2006. As the paper will note, in the initial stages of the housing boom supply was relatively inelastic, a situation that changed dramatically in the later stages of the boom. The changing nature of supply may aid in explaining the dynamics of the Irish housing market during this period.
This paper aims to consider the dynamics of both housing demand and supply using a multiple error-correction model based on the framework of DiPasquale & Wheaton (1994) and used in a housing supply context by Riddel (2000 Riddel ( , 2004 . The modelling approach incorporates not only disequilibrium in supply but also allows for disequilibrium in housing prices to impact upon the provision of new stock. Likewise, disequilibrium in stock is allowed to impact upon the dynamics of house prices. This approach differs from that commonly used in the analysis of supply. The majority of the early papers to have modelled housing supply did so without direct consideration of the impact of disequilibrium in house price dynamics (e.g. Topel & Rosen, 1988; Lee, 1992; Hakfoort & Matysiak, 1997 and Tse et al., 1999) .
Whilst later papers such as Barot (2011) did adopt an error-correction framework they did not allow interlinkages between the demand and supply models. Kim & Coulson (1999) do illustrate the interlinkages, albeit in a different modelling framework. Using a Vector
Autoregressive (VAR) model they illustrate that supply shocks play an important role in the behaviour of house prices. In the short-run a shock to housing starts has a positive impact upon prices from the analysis of the Impulse Response functions from the VAR. This makes intuitive sense due to timing issues and that an increase in starts will tend to coincide with strong market conditions. However, as the lag length is increased the degree of the impact subsides 3 .
The results in the current paper illustrate the usefulness of considering the interaction of the two components in a modelling framework. We report findings that support the argument that whilst developers and house builders did respond to disequilibrium in supply, they did so at a slow rate of adjustment. We also find that disequilibrium in demand did not significantly impact upon supply. This however is consistent with a view that inelastic supply up until the final stages of the boom aided in prolonging and extending the period of house price appreciation. The remainder of the paper is set out as follows. Section 2 discusses relevant issues relating to both the general supply literature and the specific circumstances of the Irish market. Section 3 presents the models of housing supply and demand used in the paper together with their empirical specifications and details the data used. The empirical results are presented in Section 4 while Section 5 provides concluding comments.
2: Literature Review
Many of the earlier papers concerning the behaviour of the Irish market over the course of the last two decades illustrated that while prices may have overshot fundamentals, the majority of house price appreciation observed, particularly in the nineties, could be explained through strong economic and demographic trends. Combined with a liberalization of the mortgage market and low interest rates linked to Ireland's membership in the ERM (Exchange Rate Mechanism) and subsequently the single currency, these trends help to facilitate a house price boom. Using the Van Norden (1996) regime-switching model, Roche (1999) estimated that the probability of a crash in the market increased to 2% in 1998 and that the estimated nonfundamental price was approximately 10%. Similar results for Dublin were reported in a subsequent analysis (Roche, 2001) which suggested that the probability of a crash had not substantially altered and was only slightly above the national estimates reported in the earlier paper. Stevenson (2008) broadly supported these results, finding that by 2001 and 2002 prices were broadly in line with estimated fundamentals. Indeed, Stevenson (2008) shows that from the fourth quarter 1995 to the end of 2003, while second hand house prices across Ireland rose by 260%, fundamentally based models estimated an increase in prices of at least 162%.
However, these studies considered the earlier stages of the housing boom. Stevenson (2011) updates the analysis contained in Stevenson (2008) to include data up to and including 2009.
The error-correction model tested in the paper implies an increasing divergence in prices from fundamentals during the later stages of the boom, reaching a peak of 14% in 2005. Stevenson (2011) also highlights the changing nature of residential construction during the boom, as displayed in Figure 1 . Kenny's (2003) findings would be supportive of the hypothesis that supply constraints were a key factor in the house price behaviour observed in the Irish market in the late nineties. Stevenson & Young (2007) , in a comparative analysis of house supply forecasts, find evidence that in the mid to late nineties supply did not keep pace with the forecasts produced. Stevenson & Young (2007) argue that a possible reason behind their findings can be addressed by considering the arguments of Spiegel (2001) . Spiegel argues that when house prices are rising faster than the rate of interest, developers may delay projects due to the enhanced return potentially available from continuing house price appreciation. Furthermore, given the relationship between land costs and the value of housing, it is also possible that the developer will profit from seeing the value of the site increase. This enhanced profit can therefore offset the gain to be obtained from developing immediately. As a result, this behaviour can lead to supply constraints being observed, particularly during the early stages of a house price boom. This argument can also be related back to the behaviour of market participants in that supply constraints may aid in the explanation of high levels of house price appreciation in response to shocks in demand side variables such as income (Capozza & Seguin, 1996; Ortalo-Magne & Rady, 2006) . As previously noted, it is generally felt that housing market participants may display extrapolative (Poterba, 1991) and myopic expectations (Malpezzi & Wachter, 2005) . If extrapolative and myopic expectations are dominant across housing markets then the view of Speigel (2001) also extends to the resulting impact on supply though the actions of developers, as further price increases will be encouraged due to constraints on new supply.
Risk aversion can also be viewed as playing a role in the increased inelasticity during booms due to the irreversibility of the real options underpinning the development process.
Developers will therefore require additional certainty, or rather reduced uncertainty, before committing to proceeding with a development. Titman (1985) argues that development controls play an important role in the level of uncertainty present and can thus lead to development land being valued to such an extent that development is not economically viable. Mayo & Sheppard (2001) extend upon this argument and were one of the first papers to argue that the supply curve in housing can be concave and 'bend backwards' during a boom. They argue this is due to planning restrictions, or as they refer to them 'stochastic development control'. In a broader context Pryce (1999) examines the variation in elasticities across housing market cycles. Using a cross-sectional approach he finds evidence that supply across English local authorities displayed greater inelasticity in 1988, a period of appreciating house prices, in comparison to the post-boom period of 1992, when elasticities were greater.
The importance of regulatory constraints in the form of planning is one that a number of studies have considered. Monk & Whitehead (1996) highlight the importance of planning in the context of land prices, noting that planning will raise the price of land, whilst both Mayo & Sheppard (1991) and Rosenthal (1999) argue that supply may decrease when vacant or development land prices increase. The impact of regulatory controls can also impact upon the elasticity observed, as observed in a large number of papers 5 . For example, Malpezzi & Mayo (1997) argue that the differences they observe in elasticities in an international context can be related to differences in the stringency of the planning regulations in place with greater inelasticity observed in those countries with heightened restrictions. In a US context, Green et al. (2005) find that all of the cities considered that have stringent zoning regulations display high inelasticity. However, the reverse is not necessarily the case. This is partially attributed to some relaxed markets displaying low growth and/or population loss. In addition, the econometric analysis of Green et al. (2005) finds the regulatory index variable to have a significant negative coefficient with respect to supply elasticity. Further papers to have examined this issue include Mayer & Sommerville (2000) , who illustrate that greater regulation leads to a fall in new construction and a reduced price elasticity and Hwang & Quigley (2006) who report that greater amounts of regulation have a positive relationship with prices and a negative one with supply. The recent paper by Saiz (2010) finds that even if geographic constraints are accounted for, regulatory constraints continue play an important role. Changes in the regulatory environment can also influence elasticities. Malpezzi (1996) reports that a move from a lightly regulated framework to a more restricted one can lead to an increase in house price by 51% and furthermore reduce planning permits by 42% 6 .
The importance of regulatory frameworks acting as a constraint on supply cannot be ignored;
when there are no constraints it would be expected that responses in supply to upward demand movements should be faster than for downward shifts . The findings of papers such as Kenny (2003) , which provides evidence of asymmetric adjustment costs, highlights the importance of considering the impact of such constraints. Indeed, other papers to have empirically modelled Irish housing supply have also illustrated this impact in terms of the rate of adjustment. Both McQuinn (2004) and Addison-Smyth et al. (2008) model Irish housing supply in an error-correction context and find that the error-correction term, with respect to supply, is negative and significant, implying that developers do respond to disequilibrium. However, the findings also illustrate the slow rate of adjustment back to equilibrium, with coefficients of -0.172 and -0.194 respectively.
This view is supported in policy terms by the fact that during the late nineties concerns were being raised with respect to the amount of supply that was being delivered. The Irish Government commissioned three reports (Bacon et al., 1998 (Bacon et al., , 1999 Bacon & MacCabe, 2000) to consider not only the price appreciation present in the market but also supply issues 7 . The first Bacon report (Bacon et al., 1998) recommended that planning authorities increase residential densities in order to increase supply. It also recommended changes that were intended to help speed up the development process. In addition to concerns over the pace of the planning process there were also worries regarding the failure of builders to proceed with developments where planning consent had already been obtained. Therefore, the report recommended that in order to encourage more timely development a 50% rebate on Capital
Gains Tax be introduced for zoned land that was developed within four years.
Simultaneously, the Government committed to establish Strategic Development Zones where infrastructure provision and planning processes would be facilitated for residential development in order that developers would face fewer constraints. These actions were meant to provide an incentive for developers to sell land to other firms that had the capacity to develop housing in the near term. The implied threat was that if developers held land undeveloped for too long, then the increased supply resulting from the Strategic Development
Zones would dampen their future capital gain. By 2002, however, there was still evidence of significant supply constraints surrounding residential development stemming from the planning system (Williams, et al., 2002) . Williams et al. (2002) reported that the supply of land that could be easily and quickly developed was in such short supply that developers were reluctant to sell land holdings for fear that they would not have sufficient plots to continue their own construction activities in the future. 
3: Empirical Model of Housing Supply
The modeling approach adopted in this paper is similar in spirit to that used in Riddel (2000 Riddel ( , 2004 , which in turn builds upon the framework defined by DiPasquale & Wheaton (1994) .
The DiPasquale & Wheaton framework initially defines the long-run equilibrium for stock (S e ) as follows, where the long-run equilibrium is a function of house prices (P) and a vector of variables (X):
However, the framework allows for stock adjustment from disequilibrium given that it will not occur instantaneously in the context of housing. Therefore, the adjustment can be displayed as follows:
Where  represents the speed of adjustment, a higher figure implying faster adjustment and a lower figure slower movement. Moreover, the DiPasquale-Wheaton framework allows for adjustment from disequilibrium in the context of house prices as well as stock. The equivalent adjustment process with respect to price can be displayed as:
Therefore, the modeling framework effectively accounts for the fact that market disequilibrium may occur with respect to both prices and housing stock. Furthermore, the framework allows for disequilibrium in each market to impact upon the other. Given that house prices are taken as a key driver of stock, it is natural to extend the argument that disequilibrium in prices may impact upon supply. Furthermore, as noted previously in the paper with respect to Spiegel's (2001) arguments relating to developer behaviour, disequilibrium in stock may influence house price dynamics. Therefore, we can redefine Equations (2) and (3) as follows:
 is the disequilibrium term with respect to housing demand and 1  t  is the equivalent term with regard to supply. Effectively, this adjustment framework is a multiple error-correction framework. This approach has not only be used in the context of housing supply by Riddel (2000 Riddel ( , 2004 , but by other papers in a real estate setting (Stevenson, 2007) .
McQuinn (2004) uses a similar framework in his analysis of house price dynamics in the Irish market. While a formal examination of supply was not undertaken, the error-correction term from a long-run supply model was introduced into the house price ECM model.
The long-run models used are conventional log-level models. The long-run demand model is an inverted demand model, which has been used extensively in the European housing economics literature (e.g. Muellbauer & Murphy, 1997) , and specifically in recent papers of the Irish market (McQuinn, 2004 , Stevenson, 2008 . Likewise, the long-run supply model is a conventional log-level specification. The empirical version of the supply model can be ln ln ln (6) Where HC represents housing completions, HP is real house prices, BC is real building costs and r is the real after-tax interest rate. The data used in this paper is quarterly and covers the period Quarter 2 1978 through Quarter 2 2008. The completion figures, the house price series and estimates of building costs were obtained from the quarterly Housing Statistics Bulletin of the Department of the Environment, Heritage & Local Government (DoEHLG). The supply data used is based on private completions and therefore excludes public authority housing. Real after-tax interest rates were estimated in a similar manner to Abraham & Hendershott (1996) . Grimes & Aitken (2010) find that supply responses are reduced and house price responses are exacerbated as land prices increase. Given these arguments it would have been preferable if an estimate of land costs could have been included in the empirical framework. However, the lack of reliable land prices that were comparable to the scope and coverage of the housing data precluded its inclusion.
The empirical version of the inverted demand model to represent the long-run equilibrium house price is defined as:
ln ln ln ln (7) Where HP is real house prices, POP is population (25-44), RDI is real disposable income per capita, HS is the per capita housing stock and r is the real after-tax interest rate. The population and income figures were obtained from the Irish Central Statistics Office (CSO) and per capita housing stock figures were based on data from both the CSO and the DoEHLG.
The lagged residuals from the long-run supply and demand models act as the measure of the divergence from long-term equilibrium. Therefore, the error-correction specifications for the two models can be displayed as illustrated below.
The nature of the data used in this paper, with regard to both completions and house prices, does however necessitate adjustments to these models given that quarterly data is used throughout the analysis. The housing completions data does display distinct seasonal trends.
In addition, issues also arise with the house price data. The housing price data used in this study are the DoEHLG average house price indices. These are based on simple averages of prices on mortgaged properties. The data is not weighted in any form and is therefore also subject to seasonalities. For this reason in both the long-run and ECM models for both supply and demand, seasonal dummy variables are included in the models. Given that all four quarterly dummy variables cannot be included as it would lead to perfect multicolllinearity, one has to be excluded. For the purposes of this paper the fourth quarter is selected as the omitted dummy. As with all such groups of dummy variables, the coefficients estimated relate to the omitted dummy.
4: Empirical Results
Prior to the presentation of the main long and short-run results, we consider the stationarity of the variables used and examine whether there is evidence of cointegration amongst the variables. The consideration of these two issues is inter-related. As has long been established, since papers such as Granger (1981) , the modelling of non-stationary data in a time series context may lead to spurious results. In addition, when a linear combination of two series' is I(0), even if each individual series is I(1), then the series is said to be cointegrated, thus sharing a common long-term trend. In such a case it is necessary to incorporate an errorcorrection term in any model of the first differenced series'. As noted in the preceding section, the residual from the long-run model, is used as the error-correction term in the shortrun specifications. Elliot, Rothenberg & Stock (1996) . It is similar in form to the standard ADF test with the exception that the time-series in question is transformed via GLS (Generalized Least Squares). Papers such as Elliot et al. (1996) argue that this transformation provides the test with significantly greater power than the conventional Dickey-Fuller test.
The second unit root test utilised is the Philips-Perron non-parametric test. This is estimated as follows. The standard non-augmented Dickey-Fuller equation is estimated but the t-statistic of the  coefficient is modified in a manner that ensures that autocorrleation does not affect the asymptotic distribution of the test statistic. The results shown in Table 1 relate to the first difference of the series, in each case the level of the series' did not provide significant test statistics. The results show that in all but one case, real disposable income per capita, both unit root tests provide evidence that the series' are I (1) . With respect to the real disposable income series, whilst the GLS-ADF does not report significant findings for the first difference, the Philips-Perron test does so. Table 2 reports the findings from the Johansen cointgeration test. This test is run twice, firstly with those variables used when modelling housing supply (construction, new house prices, building costs, interest rates) and secondly with those series incorporated in the demand models (house prices, 24-44 population, disposable income, housing stock and interest rates).
Therefore, given the difference in the number of variables included in each the number of null hypotheses relating to the trace and maximum eigenvalue statistics does differ. However, in both cases the results shown in Table 2 illustrate that there is evidence that the null hypothesis of no cointegrating relationship can be rejected. In both cases however, no further significant results are reported with respect to either test statistic. These findings provide support behind the use of an error-correction framework in the modelling process.
The results from the estimation of the long-run equilibrium supply and demand models are reported in Table 3 . The results in both cases are intuitive, with the majority of the coefficients being of the anticipated sign and significant at conventional levels. With regard to the supply model house prices have the expected positive relationship with supply. Likewise, building costs have a significant negative coefficient with respect to supply. The only one of the vector of variables that is not significant at conventional levels is interest rates. This is possibly due to the position of Ireland within the Eurozone and the fact that interest rates are now set at a European level by the European Central Bank. This has led to situations occurring in an Irish context where rates have diverged from what perhaps would have been set previously by the Irish Central Bank. In particular, in 2001 there was a period of negative real interest rates. In relation to the demand model reported, it can be seen that the demographic and wealth factors have the expected positive impact on real house prices and are significant at conventional levels. Furthermore, per capita housing stock is significant and of the anticipated negative sign. As with the long-run supply model interest rates are not statistically significant. Table 4 presents the results from the two multiple error-correction models. It is noticeable that in the majority of cases the fundamental variables fail to achieve levels of statistical significance. Given the sample period used in the study, this is perhaps illustrative of the extreme price movements and shifts in housing completions. The only fundamental variable that is statistically significant is real disposable income per capita in the demand ECM model. While population and housing stock in the demand equation and house prices and building costs in the supply model are all of the anticipated signs, in no case are they significant at conventional levels. Whilst this can be explained, it should be noted that in comparison to Stevenson (2011) there is a relative lack of significant findings.
With respect to the error-correction terms the results highlight the impact of disequilibrium and the adjustment process. In the supply model the measure of supply disequilibrium is significant, implying that developers do indeed respond to shifts in the long-run equilibrium.
Furthermore, the coefficient is negatively signed. Therefore, when housing supply is above its long-run equilibrium we obtain the anticipated negative response, i.e. a reduction in supply.
The reverse situation therefore occurs when supply is below equilibrium, with an increase in supply following. This is similar to the findings of both McQuinn (2004) and Addison-Smyth et al. (2008) who estimate ECM models of Irish housing supply.
The demand disequilibrium term is not significant in the case of the supply ECM model. The findings imply that if a situation occurred whereby house prices were above their long-term equilibrium, then a significant response in supply would not be observed. Comparisons with previous empirical research on the Irish market are not possible as neither McQuinn (2004) nor Addison-Smyth et al. (2008) included such a term in their supply models. However, the results are consistent with the findings of Riddel (2000 Riddel ( , 2004 with respect to the US market.
As with the current paper, Riddel found that while developers responded to disequilibrium in supply they do not respond to demand disturbances. This is of interest given that expectations of future house prices will be key elements in any developer's assessment of the profitability of a scheme. Riddel (2004) notes that her use of aggregate data across both small and large developers and across the US, may mask the response of some developers to disequilibrium in house prices. However, the use of data from such a smaller economy as Ireland does reduce the relevance of this point and therefore makes the findings in the current study of further interest. In addition, Riddel (2000) , when analysing the market of Boulder, Colorado, also found similar results. The lack of a significant response can be viewed as being consistent with Speigel's (2001) argument relating to developer behaviour. If developers did indeed refrain from increasing supply, even in the light of prices overshooting their long-run equilibrium, this may be due to them viewing that potentially even higher profits were available in the future. The presence of extrapolative expectations on the part of housing market participants would also add to this. In addition, it is also consistent with the findings of papers such as Mayo & Sheppard (2001) with respect to a concave supply curve and the empirical results of Pryce (1999) in terms of increased price inelasticity in boom conditions.
In addition, the previously noted constraints on developers capability to deliver large quantities of new supply as needs to be considered as a possible explanation.
To further examine this issue it is of interest to consider the findings from the demand ECM model. As would be expected, the demand error-correction term is significant and of the anticipated negative sign. Whilst expected this is of interest from a number of perspectives.
Firstly, it illustrates that irrespective of the strong movement in house prices in the Irish market over the last fifteen years, prices did respond to demand based disequilibrium. These are similar findings to those reported by McQuinn (2004) and Stevenson (2008 Stevenson ( , 2011 in their demand ECM estimations of the Irish market. Furthermore, as Riddel (2000 Riddel ( , 2004 notes, if supply does not respond to demand shocks, it would be expected that the response would be observed with respect to prices. Although, as with the findings of Riddel, the rate of adjustment is relatively slow. In the current paper the coefficient of -0.0997 can be interpreted in the context of a 9.97% price adjustment per quarter in response to disequilibrium. Therefore, only 9.97% of the required price adjustment necessary to return to equilibrium has occurred. Even though demand disequilibrium does significantly impact upon price movements, the slow rate of adjustment means that the results are not inconsistent with those papers to have observed prices substantially above fundamental levels.
Interestingly, the supply error-correction term is also significant in the demand ECM model, although at a marginal level. However, this is in contrast to Riddel (2004) and McQuinn (2004) , though similar to the findings of Riddel (2000) . Furthermore, the term has a positive sign, with a coefficient of 0.0328. One explanation for this may be found in the differing myopic expectations of home purchasers and developers on future price movements. Glaser et al. (2008) suggest that in markets where housing supply is inelastic housing price bubbles tend to be more pronounced and tend to have a longer duration. This is in comparison to the situation in markets where supply is relatively elastic. While Glaser, et al. (2008) focused upon geospatial constraints and building permits to measure housing supply inelasticity in response to price, the results obtained in this analysis suggest that delays in planning may act similarly in extending house price bubbles. This can also be felt to be supported by Ball et al. (2010) who found that historical patterns surrounding land use, as well as planning constraints, influence supply elasticities. Between 1999 and 2003, the issue of housing supply and prices were the focus of intense scrutiny in the Irish media, due in part to the numerous reports being produced for the Government and professional bodies. In addition increasing concern was also being voiced in terms of the negative impact upon affordability. Delays in the planning process and infrastructure constraint issues were at the forefront of these reports and could have led to the widespread perception that housing supply could not keep up with demand, driving prices upward in the face of increasing supply. It is in light of these planning constraints and the myopic expectations of home purchasers that a shortage of housing exists, that this positive disequilibrium in supply could lead to a positive impact on prices. Figure 3 graphically displays the disequilibrium terms for supply and demand which are obtained from Equations (8) and (9) respectively. The results would appear to provide support for the notion that supply constraints played a role in the late nineties and possibly aided in an extension of the time frame which witnessed sustained house price appreciation. Likewise, the fact that supply is above its equilibrium level in the later stages of the boom would provide some level of support for the view that increased elasticity perhaps contributed to a shortening of the boom and to the reversal in house prices subsequently observed.
5: Conclusions
This paper has considered the interaction between disequilibrium in demand and supply in the context of the Irish housing market using a multiple error-correction framework. The empirical model incorporates not only disequilibrium in supply but also allows for disequilibrium in housing prices to impact upon the provision of new stock. Likewise, disequilibrium in stock is allowed to impact upon the dynamics of house prices. The results reveal that whilst developers did respond to disequilibrium in supply, the rate of adjustment was relatively slow. In contrast, however, disequilibrium in demand did not impact upon supply, implying inelastic supply conditions. This may aid in explaining the prolonged nature of the boom in the Irish market. In addition, whilst outside the direct scope of this analysis, increased liberalisation in the regulatory framework, and therefore increased elasticity, during the later stages of the boom could in part explain the reversal in market dynamics.
This evidence would be consistent with the arguments made in Glaeser et al. (2008) who find evidence that some markets with relatively elastic supply observed high levels of house price appreciation during the recent US cycles. However, these were relatively short in their duration, suggesting that the increasing prices were more due to expectations (extrapolative and myopic) rather than supply constraints with respect to increased fundamental demand. As they note, the decline in prices following the end of a boom is associated with both an end to over optimistic views regarding future house price appreciation and over supply relating to elastic supply conditions. When supply is inelastic, increased demand is concentrated in terms of its effect upon price dynamics, due to the constraints imposed on supply being able to respond. In elastic markets 'irrational exuberance' may lead to an increase in prices but as supply can respond more rapidly and to a greater extent, the bubble should be shorter, in part due to a failure of house price gains to meet heightened expectations as increased supply of that magnitude will dampen house price appreciation. One possible extension of the current work is to consider how elasticity in the Irish market altered over-time due to the changes in the planning regime in place. 40% 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Housing Completions House Prices Table 2 . * indicates significance at 90%, ** at 95% and *** at 99%. Table 3 reports the results from the long-run supply model as specified in Equations 6 and 7. * indicates significance at 90%, ** at 95% and *** at 99%. Table 4 reports the results from the error-correction specification of the supply and demand model as displayed in Equations 8 and 9. * indicates significance at 90%, ** at 95% and *** at 99%.
Figure 3: Supply and Demand Disequilibrium Terms
Notes: Figure 3 presents the disequilibrium terms from the respective Error-Correction Models. 
